Aim: To investigate the relationship of contextual and individual factors with periodontal disease in dentate adults and older people using the Andersen's behavioural model.
tions, wealth distribution and health policies are important aspects of the distribution of diseases, suggesting investigating the determinants of periodontal diseases should not be limited to individual factors. 5 Evidence suggests that periodontal diseases are unevenly distributed across population groups, and living in unequal societies may be associated with a higher likelihood of periodontal disease experience. [6] [7] [8] [9] To date, investigations of the possible contextual determinants of periodontal disease are scarce, and previous studies on this topic have addressed specific contextual factors and were not guided by a robust theoretical framework. 2, 6, 8, 10 The adoption of a theoretical model in social oral epidemiology facilitates the understanding of the study's rationale and the interpretation of the findings. In the present research, a theoretical framework was adapted from Andersen's behavioural model to test the relationship of contextual and individual determinants with periodontal disease, as proposed by Thomson et al. 11 According to this model, complex contextual and health-system factors influence periodontal status through personal characteristics. 12 The model comprises contextual and individual-level predisposing, enabling and need components that influence health. 12 Brazil is the largest South-American country, characterized by historic and remarkable social inequalities and marked by regional inequalities in the distribution of periodontal diseases. The aim of this study was to investigate the association of contextual and individual factors with periodontal disease in adults and older people using an adapted version of Andersen's behavioural model.
| ME TH ODS
This study combined individual-level secondary data from the Brazilian Oral Health Survey (SBBrasil Project) 13 and city-level contextual characteristics. The SBBrasil Project was a nationwide survey conducted in 2010 in the urban areas in Brazil. Individual characteristics were obtained using a structured questionnaire through individual interviews. Dental examinations were carried out in accordance with the World Health Organization protocol of oral health surveys. 15 The interviews and dental examinations were performed by trained assistants and calibrated dentists, respectively, from the Brazilian Health Care System (Sistema Unico de Sa ude) at the participants' home.
Before data collection, interexaminer reliability for dental examinations was evaluated following the consensus technique involving 10 dentists in each state capital and the Federal District. The minimum weighted kappa coefficient of .65 was required. Dentists who did not reach this value were excluded or replaced. 15 Periodontal examinations were conducted using a ball-end CPI probe to determine attachment loss (AL) for each sextant according to the following categories: 0-3, 4-5, 6-8, 9-11 and ≥12 mm (and excluded). 15 AL represents the cumulative experience of periodontal disease over time and is considered the most appropriate periodontal measure. 16 The original categories of AL were coded as follows: excluded sextant = 0, 0-3 mm = 1.5 mm, 4-5 mm = 4.5 mm, 6-8 mm = 7 mm, 9-11 mm = 10 mm and ≥12 mm = 12 mm. The codes were then summed to obtain a final AL score, namely Accumulated Attachment Loss (AAL) for each person. The AAL score ranges from 1.5 to 72. Additional information on the AAL score is available in the Appendix S1. The number of teeth was assessed according to the number of sound, decayed and filled natural teeth (including third molars).
Individual predisposing variables included age, sex, skin colour and educational level. Self-perceived skin colour was assessed according to the following categories: white, brown, black, yellow or indigenous. Participants of yellow and indigenous skin colour were grouped as others due to their low occurrence. Educational level was evaluated based on the number of concluded years of schooling.
Enabling individual variables were per capita monthly income and type of dental services used (public or private). The original categories of monthly family income (≤R$250; R$251-500; R$501-1500; R$1501-2500; R$2501-4500; R$4501-9500; >R$9500) were used to estimate the per capita monthly income according to the methodology described by Celeste and Bastos. 17 Perceived dental treatment needs (yes or no) and the Oral Impacts on Daily Performance (OIDP) were employed to assess individual needs. 18 The OIDP was developed to assess population dental needs along with dental indices and normative measures with respect to facilitate dental service planning.
18
OIDP scores were recorded based on the presence or absence of each impact, resulting in a final score from 0 to 8. Health behaviours
were assessed according to the frequency and pattern of use of dental services, including time since the last dental visit (<1 year; 1-2 years; >2 years) and reason for last dental attendance (check-up for preventive purposes, such as fluoride application; dental treatment for nonemergency and no severe dental problems, such as dental filling; emergency dental care due to dental pain, such as pulpal inflammation; and dental extraction for severe dental problems, such as extensive dental caries). Individual characteristics, periodontal measures and number of teeth are presented in Table S1 according to age groups. The mean age of the adults and older people was 39.3 and 68.7 years, respectively. Most participants were females and had white skin colour.
Adults were more schooled but had lower per capita income than older people. Most participants reported dental treatment needs, visiting a dentist in the last year and visited a dentist for treatment reasons. The prevalence of sextants with CAL ≥4 mm was 24% in adults and 48.1% in older people. The number of teeth in latter age group was much lower than in the former (Table S1 ). The mean of AAL according to the low, moderate and high levels of the contextual variables is presented in Appendix S5.
Unadjusted analyses are presented in Table S2 . Contextual predisposing factors were associated with AAL in adults and elderly people. All individual predisposing, enabling, need and behavioural variables were associated with AAL in adults. Individual predisposing, per capita monthly income (enabling), dental treatment need (needs) and behavioural variables were also associated with AAL in older people. Table 1 
| DISCUSSION
In this study, periodontal disease experience was associated with predisposing contextual factors in adults and older people. In addition, enabling contextual factors were associated with periodontal disease in the former age group. Individual predisposing characteristics were also associated with periodontal disease in adults and older people, and enabling factors were associated with periodontal disease in the latter age group. These findings highlight the importance of the contextual and individual factors in the occurrence of periodontal disease according to Andersen's framework.
Our findings are in agreement with those from previous studies on the relationship between area-level social inequalities and poor oral health. 23 Contextual social determinants were associated with dental caries, tooth loss, dental treatment needs and oral healthrelated quality of life in adults and elderly people. [24] [25] [26] [27] Furthermore, previous research reported the influence of contextual determinants on periodontal disease. 2, 6, [8] [9] [10] One study did not find an association between income inequality and periodontal disease in adults. 28 Previous research on social inequalities and periodontal disease among older people is scarce.
Most previous studies on the relationship between social inequalities and oral health have evaluated few contextual factors.
However, broader determinants of oral diseases encompass a range of environmental causes, including social conditions, organization of health care and public policies. To our knowledge, this is the first study using the adapted version of Andersen's framework to investigate the association of environmental determinants and individual characteristics with periodontal disease. 11 The positive aspect of using Andersen's model in the present study is the rationale to select the contextual and individual factors. However, the operationalization of Andersen's model was challenging because some of the components are broadly defined. In addition, it is always difficult to select independent variables to properly reflect a theoretical model when the study is based on secondary data analysis. The amount of collinearity between contextual variables in each dimension of Andersen's model suggested that they were adequate. The association between contextual predisposing factors and AAL reinforces the role of social inequalities in periodontal disease. 6, 8, 9 This finding also highlights that contextual social factors are a multifaceted and historical phenomenon in population oral health. The current emphasis placed upon the behavioural factors of oral inequalities should be replaced by a more comprehensive T A B L E 2 Adjusted association between contextual and individual variables and accumulated attachment loss in elderly people, determined using multilevel Poisson regression Variance at the city level (standard error) was obtained through random effects.
approach encompassing the distal determinants of oral health. 29 Contextual enabling factors were also associated with AAL in adults.
The relationship between lower integration of dentists into PHC and periodontal disease has been shown. 8 The replacement of traditional dental services by oral healthcare models that integrate dentists and other health professionals has the potential to reduce oral health inequalities through health promotion strategies. 30 Some limitations of this study should be addressed. The crosssectional data restrict causal inferences, and a substantial proportion of adults and older people were excluded from the analyses due to missing data. In addition, the studied sample is from urban areas of the Brazilian state capitals, and the findings should not be generalized to other populations. The occurrence of periodontal disease was possibly underestimated in the study because of the use of a partial recording protocol to measure AL. 31 The exclusion of edentulous participants may have affected the representativeness of the different socioeconomic groups, as tooth loss and edentulism are strongly associated with to socioeconomic status. 28 The association of contextual and individual characteristics with periodontal disease is not adjusted for individual smoking, diabetes and oral hygiene as this information was not available. Thus confounding bias might have overestimated some of the reported associations.
There is no consensus in measuring periodontal disease in epidemiological studies, as different periodontal clinical parameters and cut-offs of periodontal measures have been proposed. [32] [33] [34] In this study, periodontal disease was assessed according to the experience of destructive periodontal disease throughout life as the theoretical model involved long-term determinants. The advantage of this approach is to capture the lifetime-accumulated destruction of the periodontal disease represented by AL. Nevertheless, the use of additional periodontal measures would provide a more comprehensive assessment of the periodontal status. 16 The severity of AL may be sustained by complex interaction between individual and contextual-level predisposing, enabling and need characteristics, in which operational pathways may vary according to age, cohort effect and developmental trajectory. 35 The older population in Brazil has been increasing between 2%
and 4% per year. This will result in approximately 19% of the population in 2050 being at least 65 years old. 36 Monitoring trends in 
| CONCLUSION S
Andersen's behavioural model was a useful framework to evaluate the contextual and individual influences on periodontal disease in adults and older people. Predisposing contextual factors and individual characteristics were of greater relevance for periodontal disease in both age groups. Enabling contextual factors were also important for periodontal disease occurrence among adults.
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